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SOURCE DRIVER CAPABLE OF HIGH According to another aspect of the present invention , 
SPEED CHARGING AND DISCHARGING there is provided a source driver including : an amplifier 

configured to provide a grayscale signal ; a second driving 
CROSS - REFERENCE TO RELATED switch configured to provide the grayscale signal provided 

APPLICATION 5 by the amplifier to an output node or block the grayscale 
signal ; and a first driving unit including a pumping capacitor 

This application claims priority to and the benefit of and configured to first drive the output node at a voltage 
Korean Patent Application No . 10 - 2016 - 0073798 , filed on charged in the pumping capacitor , wherein the output node 
Jun . 14 , 2016 , the disclosure of which is incorporated herein is first driven by the first driving unit and then second driven 
by reference in its entirety . 10 by the amplifier with the grayscale signal . 

According to another aspect of the present invention , 
BACKGROUND there is provided a display device including : a timing 

controller ; a gate driver ; a display panel ; and a source driver 
1 . Field of the Invention configured to receive a digital signal and output a grayscale 
The present invention relates to a source driver capable of 15 signal corresponding to the digital signal , wherein the source 

high speed charging and discharging . driver includes : an amplifier configured to provide the 
2 . Discussion of Related Art grayscale signal ; a second driving switch configured to 
A cellular phone , a tablet or a personal computer ( PC ) , provide the grayscale signal provided by the amplifier to an 

etc . have display units for displaying information to users . A output node or block the grayscale signal ; and a first driving 
display unit includes a display panel and circuitry , such as a 20 unit configured to first drive the output node at an intended 
source driver , a gate driver , a timing controller , etc . , for voltage , and the output node is first driven by the first driving 
driving the display panel , and the circuitry is implemented unit and then second driven by the amplifier at a grayscale 
as silicon - based complementary metal - oxide semiconductor voltage . 
( CMOS ) circuitry . The source driver generates a grayscale 
voltage corresponding to input digital bits and drives pixels 25 BRIEF DESCRIPTION OF THE DRAWINGS 
included in the display panel . The timing controller and the 
source driver may be formed in separate chips or one chip The above and other objects , features and advantages of 
according to a resolution and characteristics of the display the present invention will become more apparent to those of 
panel . ordinary skill in the art by describing in detail exemplary 

An afterimage generated while a user is viewing a video , 30 embodiments thereof with reference to the accompanying 
etc . is a factor by which the picture quality of a display is drawings , in which : 
determined . A problem of a long - lasting afterimage , etc . FIG . 1 is a diagram schematically showing a display 
results from a response speed of a display driver or each system ; 
pixel of a display being slower than the speed of change in FIG . 2 is a block diagram schematically showing an 
pixel data . To eliminate dizziness of a user of a virtual reality 35 outline of a source driver 10 according to the present 
( VR ) display which is attracting attention as a future display embodiment ; 
device , it is required to remarkably improve a frame rate FIG . 3 is a diagram schematically showing a source driver 
compared to existing displays . To this end , it is necessary to according to the present embodiment ; 
develop a display driving method for a high response speed . FIGS . 4 ( A ) and 4 ( B ) are graphs schematically showing 

An operating speed of a source driver chip used for pixel 40 changes in an output node voltage ; 
data driving in an existing display driver integrated circuit FIG . 5 is a diagram schematically showing another 
( IC ) is dependent on a slew rate of an output buffer for data example of a first driving unit according to the present 
driving . It is possible to increase a bias current to improve embodiment ; and 
the slew rate . However , an increase in bias current leads to FIGS . 6 ( A ) , 6 ( B ) , 7 ( A ) , and 7 ( B ) are diagrams illustrating 
an increase in power consumption of the source driver chip 45 the operation of the first driving unit according to the present 
and thus is not suitable for a mobile environment . embodiment . 

SUMMARY OF THE INVENTION DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

The present invention is directed to overcoming the 50 
disadvantages of a source driver according to the related art Hereinafter a source driver and a display device according 
and providing a source driver and a display device that may to the present embodiment will be described with reference 
drive pixels at high speed without increasing power con - to the accompanying drawings . FIG . 1 is a diagram sche 
sumption . matically showing a display system . Referring to FIG . 1 , a 

According to an aspect of the present invention , there is 55 display system according to the present embodiment 
provided a source driver including : an amplifier configured includes a display panel , a gate driver , source drivers 10a , 
to provide a grayscale signal ; a second driving switch 10b , . . . , and 10n , and a timing controller which changes 
configured to provide the grayscale signal provided by the characteristics of a screen source applied from the outside of 
amplifier to an output node or block the grayscale signal ; and the display system or adjusts a driving time point according 
a first driving unit including a first switch whose one end is 60 to a resolution and characteristics of the display system . 
connected to a first voltage and whose other end is connected According to characteristics of the display panel , the timing 
to the output node , a second switch whose one end is controller and the source drivers 10a , 10b , . . . , and 10n may 
connected to a second voltage and whose other end is be formed in separate chips or formed in one chip as 
connected to the output node , and configured to first drive exemplified in the drawing . 
the output node , wherein the output node is first driven by 65 The display panel includes a plurality of pixels , and each 
the first driving unit and then second driven by the amplifier pixel is connected to the gate driver through a gate line gl 
with the grayscale signal . and electrically connected to the source drivers 10a , 
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106 , . . . , and 10n through source lines sl . The source lines pull - up switch SWu is closed , and is pulled down to the 
sl transfer grayscale signals to be displayed by pixels to the second voltage V2 when the pull - down switch SWd is 
pixels . closed . 

The source lines sl to pixels are conductive lines , In an exemplary embodiment , when a voltage Vin of a 
in which resistive components of the conductive lines and 5 grayscale signal provided as an input to the amplifier 100 has 

several parasitic capacitances , such as , parasitic capaci - a value between a maximum Vinmar and a minimum Vinming 
tances between adjacent lines , parasitic capacitances with a a top . Voltage a top voltage Vt , which is a supply voltage of the amplifier ; 
reference electrode , and so on are present . These loads and 100 is greater than the maximum Vinmar of the grayscale 
switches , such as thin film transistors ( TFTs ) in pixels , may voltage , and a bottom voltage Vb is less than the minimum 
be modeled by a resistance - capacitor ( RC ) pair . In other 10 Vinmin of the grayscale voltage . 
words , loads to be driven by a source driver are configured Voltage of the first voltage V1 provided to the first driving 

unit 200 can be greater than the maximum of the grayscale in a distributed RC form . voltage Vinmar and can be greater than the voltage of the top Hereinafter , a length of a source line which connects a voltage Vt which is provided to the amplifier 100 . And , 
source driver and a pixel is referred to as an electrical electrical 15 voltage of the second voltage V2 provided to the first driving 
distance between the source driver and the pixel . Therefore , unit 200 can be less than the minimum of the grayscale 
an electrical distance between the source driver 10a and a voltage Vinmin and can be less than the voltage of the bottom 
pixel T1 of FIG . 1 is longer than an electrical distance voltage Vb which is provided to the amplifier 100 . 
between the source driver 10a and a pixel T2 . Also , pro - The pull - up switch SWu , the pull - down switch SWd , and 
viding a voltage to a source line and a pixel included in the 20 the second driving switch SWo may be implemented as 
display panel through an output node of a source driver to semiconductor switches , such as a field effect transistor 
provide an intended voltage to the pixel is referred to as ( FET ) switch , a bipolar junction transistor ( BJT ) switch , and 
“ driving an output node . ” so on . 

FIG . 2 is a block diagram schematically showing an The pull - up switch SWu , the pull - down switch SWd , and 
outline of a source driver 10 according to the present 25 the second driving switch SWo are controlled by a controller 
embodiment . Referring to FIG . 2 , the source driver 10 ( not shown ) . In an exemplary embodiment , the controller is 
includes a shift register , a data latch , a sample / hold ( S / H ) disposed in the source driver and generates a signal for 
register , a gate driver , a digital - analog converter ( DAC ) , and controlling the switches . In another exemplary embodiment , 
an amplifier . For example , the amplifier may be a unity gain the controller is disposed in the timing controller ( see FIG . 
buffer . 30 1 ) and provides a control signal to the source driver . 

The shift register sequentially shifts and outputs an input The operation of the source driver according to the 
start pulse SP . The data latch latches up and provides video present embodiment will be described below with reference 
data , and the S / H register samples a latch - up video signal to FIGS . 3 and 4 . It is assumed that the source driver drives 
according to the start pulse SP and holds and provides any one pixel at a voltage Vn and a voltage for driving a pixel 
sampled data to the gate driver . 35 which is connected to the same source line as the pixel and 

The gate driver receives digital bits and provides output will be driven next is V . Referring to FIG . 4 ( A ) , in a first 
signals which swing between different voltages . The DAC driving phase P1 , when the voltage Vn + 1 of a grayscale signal 
receives , for example , a gamma voltage , converts an output to be provided by the source driver 10 is greater than the 
signal provided by the gate driver into an analog signal , and voltage Vn provided to the output node n , the controller 
provides the analog signal , and the unity gain amplifier 40 controls the second driving switch SWo to be turned off and 
amplifies the analog signal and provides the amplified the pull - up switch SWu to be turned on . The output node n 
analog signal to the display panel so that a video corre - is first driven by the first driving unit 200 at the first voltage 
sponding to the input data may be displayed . In another V1 . 
example , to the DAC , a voltage obtained by adding an upper When the output node n is driven by the first driving unit 
headroom voltage to a highest value of the gamma voltage 45 200 , a current greater than in a case of driving the output 
may be provided as a highest voltage , and a voltage obtained node n using an amplifier with a limited slew rate is 
by subtracting a lower headroom voltage from a lowest provided . Therefore , a voltage ( a solid line ) of the output 
value of the gamma voltage may be provided as a lowest node n corresponding to a case in which the first driving unit 
voltage . 200 drives the output node n changes more rapidly than a 

FIG . 3 is a diagram schematically showing a source driver 50 voltage ( a broken line ) corresponding to a case in which the 
according to the present embodiment . Referring to FIG . 3 , amplifier 100 drives the output node n . 
the source driver 10 according to the present embodiment In a second driving phase P2 , the controller controls both 
includes an amplifier 100 which provides a grayscale signal , the pull - up switch SWu and the pull - down switch SWd to be 
a second driving switch SWo which provides the output of turned off and controls the second driving switch SWo to be 
the amplifier 100 to an output node n or blocks the output , 55 turned on , so that the amplifier 100 drives the output node 
and a first driving unit 200 which first drives the output node n . The amplifier 100 provides a voltage dependent on an 
n at an intended voltage . In an exemplary embodiment , the intended grayscale signal to a pixel by driving the output 
first driving unit 200 includes a pull - up switch SWu which node n to a voltage of the intended grayscale signal . 
pulls up the output node n to a first voltage V1 and a FIG . 4 ( B ) is a graph showing a schematic voltage form at 
pull - down switch SWd which pulls down the output node n 60 the output node n when the voltage vn , of a grayscale signal 
to a second voltage V2 . to be provided by the source driver is less than the voltage 
One end of the pull - up switch SWu is connected to the Vn provided to the output node n . In the first driving phase 

first voltage V1 and the other end is electrically connected P1 , when the voltage V7 + 1 of a grayscale signal to be 
to the output node n . One end of the pull - down switch SWd provided by the source driver is less than the voltage Vn 
is connected to the second voltage V2 and the other end is 65 provided to the output node n , the controller controls the 
electrically connected to the output node n . Therefore , the second driving switch SWo to be turned off and controls the 
output node n is pulled up to the first voltage V1 when the pull - down switch SWd to be turned on . 
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When a power supply which provides the second voltage phase P2 , the voltage of the output node n may increase and 
V2 drives the output node n , a current greater than in a case settled to the grayscale voltage when the amplifier 100 
in which the amplifier 100 with a limited slew rate drives the drives the output node n . 
output node n is provided to a load . Therefore , the voltage FIG . 5 is a diagram schematically showing another 
of the output node n falls more rapidly than a voltage ( a 5 example of the first driving unit 200 according to the present 
broken line ) of a case in which the amplifier 100 drives the embodiment . Referring to FIG . 5 , the first driving unit 200 
output node n . includes a first charging switch SWch1 which provides or 

In the second driving phase P2 , the controller controls the blocks a first charging voltage Vch1 , a second charging 
switch SWch2 which provides or blocks a second charging pull - down switch SWd to be turned off and controls the 

second driving switch SWo to be turned on . In the second 110 voltage Vch2 , a pumping capacitor Cpump which has one 
end provided with the first charging voltage Vch1 and the driving phase P2 , the amplifier 100 provides an intended other end provided with the second charging voltage Vch2 grayscale signal Vn + 1 to a pixel by driving the output node n . and is charged to a voltage corresponding to a potential 

In an exemplary embodiment , an electrical distance difference between the first charging voltage Vch1 and the 
between a source driver and a pixel may vary according to 15 second charging voltage Vch2 . a first pumping switch SWp1 
a position of the pixel in the display panel , and a resistance which provides or blocks a first pumping voltage Vp1 , a 
and a capacitance at the source driver increase with an second pumping switch SWp2 which provides or blocks a 
increase in the electrical distance between the source driver second pumping voltage Vp2 , a first connection switch 
and the pixel . When a time period of the first driving phase SWcon1 which connects the end of the pumping capacitor 
P1 is determined irrespective of an electrical distance 20 Cpump to the output node n , and a second connection switch 
between a source driver and a pixel , although the output SWcon2 which connects the other end of the pumping 
node n has not been sufficiently driven , a pixel having a long capacitor Cpump to the output node n . 
electrical distance from the source driver may be switched to Assuming that the first charging voltage Vchl is greater 
the second driving phase P2 . Therefore , with an increase in than the second charging voltage Vch2 ( Vch1 > Vch2 ) , the 
an electrical distance between a source driver and a pixel , 25 operation of the first driving unit 200 according to the 
the controller lengthens the time period of the first driving present embodiment will be described . However , this case is 
phase P1 so that the output node n is charged to a sufficient intended to facilitate description and understanding , and the 
voltage . scope of the present invention is not limited thereto . 

Even when there is a large difference between the voltage Acase of driving the output node n at the voltage Vn + 1 ( see 
V , provided to the output node n and the voltage Vn + 1 to be 30 FIG . 4 ( A ) ) of a grayscale signal higher than the voltage v . 
provided next , the controller may lengthen the time period ( see FIG . 4 ( A ) ) provided to the output node n will be 
of the first driving phase P1 so that the output node n may described below with reference to FIGS . 6 ( A ) and 6 ( B ) . 
be charged to a sufficient voltage . On the other hand , when Referring to FIG . 6 ( A ) , the controller controls the first 
there is a small difference between the voltage Vn provided charging switch SWch1 and the second charging switch 
to the output node n and the voltage V , to be provided next , 35 SWch2 to be closed so that the pumping capacitor Cpump is 
the controller may shorten the time period of the first driving charged to a voltage V corresponding to a difference 
phase P1 . When the output node n is driven by an amplifier between the first pumping voltage Vpl and the second 
with a limited slew rate , a rise time in which a voltage rises pumping voltage Vp2 . In an exemplary embodiment , a 
and a fall time are limited by the slew rate of the amplifier . process of charging the pumping capacitor Cpump is per 
To reduce a time required for the output node n to reach an 40 formed in the second driving phase P2 in which the source 
intended voltage , it is necessary to increase a bias current of driver drives a pixel and provides a grayscale signal to the 
the amplifier 100 . However , when the bias current of the pixel . 
amplifier 100 increases , bias currents of all channels Referring to FIG . 6 ( B ) , during the first driving phase P1 , 
increase , and power consumption increases . the controller controls the first charging switch SWch1 and 

According to the present embodiment , it is possible to 45 the second charging switch SWch2 to be opened and con 
reduce a limitation caused by a slew rate , and the output trols the first connection switch SWconl and the second 
node n may be driven at high speed . Further , since it is pumping switch SWp2 to be closed . With the closing of the 
unnecessary to increase a bias current of the buffer for high first connection switch SWconl and the second pumping 
speed operation , statically consumed power may be reduced . switch SWp2 , the output node n is driven at a voltage 

According to an exemplary embodiment exemplified in 50 V + Vp2 obtained by adding the voltage charged in the 
FIG . 4 ( A ) , in the first driving phase P1 , a voltage at which pumping capacitor Cpump and the second pumping voltage 
the first driving unit 200 drives the output node n does not Vp2 . Since charge stored in the pumping capacitor Cpump 
exceed a voltage of a grayscale signal . However , this is just drives the output node n , it is possible to raise the voltage of 
an exemplary embodiment . In the first driving phase P1 , the the output node n more rapidly than in a case of driving the 
first driving unit 200 may drive the output node n at a voltage 55 output node n with only the amplifier 100 ( see FIG . 3 ) with 
exceeding the grayscale voltage , and in the second driving a limited slew rate . 
phase P2 , the voltage of the output node n may be reduced During the second driving phase P2 after the first driving 
and settled to the voltage of the grayscale signal when the phase P1 ends , the output node n is driven by the amplifier 
amplifier 100 drives the output node n at the voltage of the 100 at the voltage Vn + 1 of the grayscale signal , and the 
grayscale signal . 60 controller charges the pumping capacitor Cpump by con 

Likewise , according to an exemplary embodiment shown trolling the first charging switch SWchl and the second 
in FIG . 4 ( B ) , in the first driving phase Pi , a voltage at which charging switch SWch2 to be closed as shown in FIG . 6 ( A ) . 
the first driving unit 200 drives the output node n is not A case of driving the output node n at the voltage Vn + 1 ( see 
reduced to less than a voltage of a grayscale signal . How - FIG . 4 ( B ) ) of a grayscale signal lower than the voltage Vn 
ever , this is just an exemplary embodiment . In the first 65 ( see FIG . 4 ( B ) ) provided to the output node n will be 
driving phase P1 , the voltage of the output node n may be described below with reference to FIGS . 7 ( A ) and 7 ( B ) . 
less than the grayscale voltage , and in the second driving Referring to FIG . 7 ( A ) , the controller controls the first 
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charging switch SWch1 and the second charging switch wherein the output node is first driven by the first driving 
SWch2 to be closed so that the pumping capacitor Cpump is unit and then second driven by the amplifier with the 
charged to the voltage V corresponding to a difference grayscale signal , 
between the first charging voltage Vch1 and the second wherein the first driving unit comprises : 
charging voltage Vch2 . a pumping voltage source configured to provide a 

Subsequently , the controller controls the first pumping pumping voltage ; and 
switch SWp1 and the second connection switch SWcon2 to the pumping capacitor configured to be charged with 
be closed . Therefore , the output node n is first driven at a the pumping voltage , 
voltage Vp1 - V obtained by adding the voltage charged in the wherein the pumping voltage provided by the pumping 

voltage source and the pumping voltage charged in the pumping capacitor Cpump and the first pumping voltage 10 
Vp1 . pumping capacitor are added and drive the output node , 
During the second driving phase P2 after the first driving wherein a time in which the first driving unit first drives 

phase P1 ends , the controller controls the second connection the output node corresponds to an electrical distance 
switch SWcon2 to be opened , causes the amplifier 100 ( see between the source driver and a pixel connected to the 
FIG . 3 ) to drive the output node n to a voltage of a grayscale 15 output node , and 

wherein the electrical distance includes a length of a signal , and controls the first charging switch SWchl and the 
second charging switch SWch2 to be closed , thereby charg source line which connects the source driver and the 
ing the pumping capacitor Cpump . The controller controls pixel . 
the second driving switch SWo to be closed so that the 2 . The source driver of claim 1 , wherein the second 
amplifier 100 drives the output node n at the voltage 20 driving switch is turned off while the output node is first 
dependent on the grayscale signal . driven by the first driving unit and turned on after the first 

driving . According to the present embodiment , during the first 
driving phase P1 , charge stored in the pumping capacitor 3 . The source driver of claim 1 , wherein a time in which 
Cpump drives the output node n , and thus an intended the first driving unit first drives the output node corresponds 
voltage may be obtained more rapidly than in a case of 25 " . 25 to an electrical distance between the source driver and a 
driving the output node n with only the amplifier 100 ( see pixel connected to the output node . 
FIG . 3 ) . 4 . The source driver of claim 1 , wherein the amplifier is 

According to the present embodiment , since the output but a unity gain buffer amplifier . 
node n is driven at a voltage charged in the pumping 5 . The source driver of claim 1 wherein a time in which 
capacitor Cpump during the precharge phase P1 , the output 30 the first driving unit first drives the output node corresponds 
node n may be driven with a current greater than in a case to a difference between a voltage provided to the output node 
in which the amplifier 100 with a limited slew rate drives the and a voltage of the grayscale signal to be provided to the 
output node n . Therefore , conductive lines and pixels which output node . 
are capacitive loads are charged more rapidly , and high 6 . A display device for displaying content , the display 
speed operation is possible . device comprising : 

According to the present embodiment , since the output a timing controller ; 
node n is driven by the pumping capacitor , it is possible to a gate driver ; 
increase a current for driving a source line sl during the first a display panel ; and 
driving phase P1 . Further , since the output node n is driven a source driver configured to receive a digital signal and 
by applying a pumping voltage to the pumping capacitor 40 output a grayscale signal corresponding to the digital 
Cpump after the pumping capacitor Cpump is charged with signal , 
charging voltages , the output node n may be driven with a wherein the source driver comprises : 
high voltage . Therefore , according to the present embodi an amplifier configured to provide the grayscale signal ; 
ment , it is possible to drive the output node n with a high a second driving switch configured to provide the 
voltage and a high current . 45 grayscale signal provided by the amplifier to an 

According to the present embodiment , an output node output node or block the grayscale signal ; and 
may be driven at higher speed than in a case of driving the a first driving unit configured to first drive the output 

node at an intended voltage , output node using an amplifier with a limited slew rate , and 
thus it is possible to drive a display panel at high speed . wherein the output node is first driven by the first driving 

Although the present invention has been described with 50 unit and then second driven by the amplifier at a 
reference to the exemplary embodiments depicted in the grayscale voltage , 
drawings , they are just examples , and it will be apparent to wherein the first driving unit comprises : 
those of ordinary skill in the art that various modifications a pumping voltage source configured to provide a 
and equivalents can be made from the exemplary embodi pumping voltage ; and 
ments . Therefore , the true technical scope of the present 55 a pumping capacitor configured to be charged with the 
invention should be defined by the appended claims . pumping voltage , 

What is claimed is : wherein the pumping voltage provided by the pumping 
1 . A source driver for receiving a digital signal and voltage source and the pumping voltage charged in the 

providing a grayscale signal corresponding to the digital pumping capacitor are added and drive the output node , 
signal , the source driver comprising : wherein a time in which the first driving unit first drives 

an amplifier configured to provide the grayscale signal ; the output node corresponds to an electrical distance 
a second driving switch configured to provide the gray between the source driver and a pixel connected to the 

scale signal provided by the amplifier to an output node output node , and 
or block the grayscale signal ; and wherein the electrical distance includes a length of a 

a first driving unit including a pumping capacitor and 65 source line which connects the source driver and the 
configured to first drive the output node at a voltage pixel . 
charged in the pumping capacitor , 
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